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Abstract
Background: Although the connective tissues forming the fascial planes of the back have been
hypothesized to play a role in the pathogenesis of chronic low back pain (LBP), there have been no
previous studies quantitatively evaluating connective tissue structure in this condition. The goal of
this study was to perform an ultrasound-based comparison of perimuscular connective tissue
structure in the lumbar region in a group of human subjects with chronic or recurrent LBP for
more than 12 months, compared with a group of subjects without LBP.
Methods: In each of 107 human subjects (60 with LBP and 47 without LBP), parasagittal ultrasound
images were acquired bilaterally centered on a point 2 cm lateral to the midpoint of the L2-3
interspinous ligament. The outcome measures based on these images were subcutaneous and
perimuscular connective tissue thickness and echogenicity measured by ultrasound.
Results: There were no significant differences in age, sex, body mass index (BMI) or activity levels
between LBP and No-LBP groups. Perimuscular thickness and echogenicity were not correlated
with age but were positively correlated with BMI. The LBP group had ~25% greater perimuscular
thickness and echogenicity compared with the No-LBP group (ANCOVA adjusted for BMI, p < 0.01
and p < 0.001 respectively).
Conclusion: This is the first report of abnormal connective tissue structure in the lumbar region
in a group of subjects with chronic or recurrent LBP. This finding was not attributable to differences
in age, sex, BMI or activity level between groups. Possible causes include genetic factors, abnormal
movement patterns and chronic inflammation.
Background
Chronic low back pain (LBP) is a poorly understood con-
dition causing substantial disability and health care costs
worldwide [1-4]. To date, efforts to understand the patho-
physiological mechanisms leading to chronic LBP have
chiefly focused on structural pathology of the vertebrae
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and associated tissues [5], neuropsychosocial factors [6-
10] and abnormalities of motor control [11-16]. In con-
trast, the non-specialized connective tissues forming the
fascial planes of the back have received little attention.
Tearing, inflammation, fibrosis, adhesions, fatty infiltra-
tion and herniation within the lumbodorsal fascia have
been described in sporadic case reports and series of
patients undergoing surgery for LBP since the 1950s [17-
27]. Also, several investigators have proposed that fasciae
and non-specialized connective tissues could be involved
in the pathophysiology of LBP [28-31]. A plausible patho-
physiological mechanism is that ongoing local tissue
inflammation combined with pain-related movement
abnormalities may lead to connective tissue fibrosis,
increased tissue stiffness and further movement impair-
ment which may contribute to LBP chronicity [28]. To
date, however, no quantitative evaluation of the non-spe-
cialized connective tissues of the back in LBP has been
reported.
Ultrasound imaging is a non-invasive method that allows
visualization of anatomical structures based on reflected
ultrasonic waves from interfaces of heterogeneous tissues.
We have previously shown that ultrasound imaging can
be used to quantitatively evaluate the structure of subcu-
taneous and perimuscular connective tissue in humans
[32]. The goal of the current study was to use ultrasound
imaging to compare the structure of connective tissue in
the lumbar region of a group of human subjects with LBP
compared with a control group of subjects without LBP
(No-LBP). We propose that, in chronic LBP, the connec-
tive tissues of the back are thicker and more disorganized
as a result of remodeling, chronic inflammation, fibrosis
and/or fatty infiltration. We therefore tested the hypothe-
sis that, on average, connective tissue thickness and ultra-
sound echogenicity in the lumbar region is increased in
LBP compared with No-LBP.
Methods
Human subject recruitment and selection criteria
The study was approved by the University of Vermont
Institutional Review Board (CHRMS 07-025) and in com-
pliance with the Helsinki Declaration. All subjects pro-
vided informed consent. One hundred and seven human
subjects were recruited by advertisements at the University
of Vermont and associated facilities. The inclusion crite-
rion for the LBP group was a history of recurrent or
chronic LBP for at least 12 months as defined by Von Korff
[33,34]. Recurrent LBP was defined as low back pain
present on less than half the days in a 12-month period,
occurring in multiple episodes over a year. Chronic LBP
was defined as back pain present on at least half the days
in a 12-month period in a single episode. Inclusion crite-
ria for No-LBP subjects were the absence of a history of
low back pain or any other chronic pain that had limited
activities of daily living or work and a current numerical
current pain index of less than 0.5 (on an 10 point Visual
Analogue Scale). Additional exclusion criteria based on a
subject's self report for both groups were: previous severe
back or low extremity injury or surgery; major structural
spinal deformity (scoliosis, kyphosis, stenosis); ankylos-
ing spondylitis or rheumatoid arthritis; spinal fracture,
tumor or infection; clinical neurological deficit suggesting
nerve root compression; neurological or major psychiatric
disorder; bleeding disorders; corticosteroid medication or
corticosteroid injection at L2-3 level of the back; preg-
nancy; worker's compensation or disability case; litigation
for LBP; acute systemic infection. Subjects in the LBP
group completed the McGill Pain questionnaire [35], the
Oswestry Disability Scale questionnaire [36], as well as a
custom-designed questionnaire about the onset, history
and duration of their LBP. In addition, both groups com-
pleted a physical activity level questionnaire in which
physical activity level was categorized into sedentary
(physical activity less than 3 times per week [< 1 hour
cumulative time]), moderate (physical activity 3-5 times
per week [1.5 to 3 hours]) and high levels (greater than 5
times per week [> 3 hours]). Subjects with No-LBP were
frequency-matched to subjects with LBP for age, sex and
BMI in order for the two groups to be balanced for these
characteristics.
Ultrasound image data acquisition
Ultrasound images were acquired by an investigator blind
to the study condition (LBP vs. No-LBP). Each subject
underwent a single testing session consisting of ultra-
sound B-mode imaging of the lumbar region using a Tera-
son 3000 scanner (Terason, Burlington MA) with a 4 cm,
10 MHz linear array transducer. The location of the par-
aspinal muscle was first identified during live ultrasound
imaging, and the ultrasound focal region was adjusted to
be near the superficial border of the muscle. A parasagital
image was acquired bilaterally with the transducer cen-
tered on a point 2 cm lateral to the middle of the L2-3
interspinous ligament (Figure 1). In preliminary testing,
we compared parasagital ultrasound images taken at a
constant location (2 cm from the midline) vs. a propor-
tional location (at the midpoint between the midline and
the lateral border of the longissimus muscle); measure-
ments of perimuscular connective tissue thickness at those
two locations were highly correlated across the two meth-
ods (r = 0.99) and there was no evidence of systematic dif-
ferences between measurements (paired t-test p = 0.71).
We therefore chose the constant 2 cm distance for greater
method standardization. We chose the L2-3 level in this
study because, at this location, the fascia planes are the
most parallel to the skin. Further caudal, such as the L4-5
level, the subcutaneous gluteal fat pad begins and causes
more variability in the angle between the skin surface and
the thoracolumbar fascia. Great care was taken to applyBMC Musculoskeletal Disorders 2009, 10:151 http://www.biomedcentral.com/1471-2474/10/151
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minimal compression on the tissues during ultrasound
image acquisition.
Ultrasound data analysis and echogenicity determination
The ultrasound radio-frequency raw-data of echoes for
each image were imported into Matlab software (The
MathWorks, Natick, MA) and converted to a B-scan image
using a Hilbert transformation without additional image
enhancement. The region of interest (ROI) used for image
data analysis was a 1 cm-wide region centered on the mid-
dle of the image and located between the deep border of
the dermis and the superficial border of the muscle (white
box in Figure 2B). For all 64 vertical ultrasound B-scan
data lines, grey level profiles within the ROI were identi-
fied as a function of the vertical position z  as  f1(z),
f2(z)...f64(z). The mean grey level of the 64 data lines at
depth  z  was then calculated by
. In order to minimize
possible variation due to differences in focal depth in dif-
ferent subjects, the mean grey level f(z)mean was normal-
ized to the maximum mean f(zm)  within the ROI as
f(z)mean/f(zm). Echogenicity was defined as the extended
area under the f(z)mean profile curve.
Subcutaneous and perimuscular zone measurements
Thickness measurements were performed on the acquired
ultrasound images by a blinded investigator (inter-rater
reliability was greater than 0.98 for all subjective measure-
ments made on ultrasound images--see statistical meth-
ods below). All thickness measurements were made in the
direction perpendicular to the skin. Combined subcutane-
ous and perimuscular zone thickness was measured as the
distance between the deep border of the dermis and the
superficial border of the muscle (Figure 2B, red line). Per-
imuscular zone thickness was measured as the thickness
of the echogenic layered structure within the ROI located
closest to the muscle and separated from the nearest, more
superficial echogenic layer by more than 2 mm (Figure 2B
green line). Subcutaneous zone thickness was measured
as the thickness of the zone between the dermis and the
superficial border of the perimuscular zone (Figure 2B
blue line). Echogenicity for the combined subcutaneous
and perimuscular zone was calculated as the area under
the curve for the total ROI (Figure 2A). Echogenicity for
individual subcutaneous and perimuscular zones was the
area under the curve within the portion of the ROI delin-
eated by the respective thickness measurements (Figure
2C). All outcome measures were calculated for individual
images (obtained on the subjects' right and left sides) as
well as averaged across sides within subjects.
fZmean
fz fz f z ()
() () () =
++ + 12 6 4
64
L
Ultrasound image acquisition method Figure 1
Ultrasound image acquisition method. A: location of 
ultrasound transducer relative to spine; B: anatomical cross-
section showing structures imaged by ultrasound beam; C: 
example of parasagital ultrasound image showing location of 
dermis and muscle.BMC Musculoskeletal Disorders 2009, 10:151 http://www.biomedcentral.com/1471-2474/10/151
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Statistical methods
T-tests and chi square tests were used to compare LBP and
No-LBP groups for subject characteristics. Analyses of cov-
ariance using BMI as a covariate, were performed to com-
pare connective tissue thickness and echogenicity of the
LBP and No-LBP groups. Although BMI did not differ sig-
nificantly between LBP and no-LBP groups, individual
subject's BMI did explain a significant portion of the vari-
ability in each of his/her connective tissue outcome meas-
ures. Additionally, univariate correlation analyses based
on Pearson's r were used to examine the relationship
between indices of symptom severity and disability
(McGill pain questionnaire [number of words circled],
duration of pain [years], current pain intensity [0-10
scale], exacerbation intensity [0-10 scale], exacerbation
frequency [categorized as yearly, monthly, weekly or
daily], exacerbation duration [days], percent initial injury
and Oswestry disability scale [categorized as mild, moder-
ate or severe] and ultrasound outcomes within subjects
with LBP. Statistical analyses were performed using SAS
Version 9.1 (SAS Institute, Cary, NC). The outcome meas-
ures presented are the averages of right and left sides since
no findings were found to be side-specific. Significance
levels were determined based on α = .05. In a subset of
subjects, estimates of reliability between two blinded
investigators were computed based on intraclass correla-
tion coefficients for locating the deep border of dermis,
superficial border of muscle and boundary between
superficial and perimuscular zones.
Results
Subject characteristics for LBP and No-LBP groups are
shown in Table 1. There were no significant differences
between groups in sex (p = .93), mean age (p = .72), mean
BMI (p = .81) or physical activity levels (p = .87). How-
ever, BMI was highly correlated with perimuscular con-
nective tissue thickness and echogenicity (r = 0.66, p <
0.001, r = 0.51, p < 0.001 respectively). Thus analyses of
Ultrasound image analysis method Figure 2
Ultrasound image analysis method. B: ultrasound image showing ROI (white box) and whisker lines corresponding to 
thickness of combined (red), subcutaneous (blue) and perimuscular (green) zones. Units on y axis represent cm. Arrow shows 
direction of ultrasound beam. A, C: ultrasound intensity profile corresponding to image in B. Colored areas highlight the area 
under the curve (used as measure of echogenicity) for combined (A, red area), perimuscular (C, green area) and subcutaneous 
(C, blue area) zones.BMC Musculoskeletal Disorders 2009, 10:151 http://www.biomedcentral.com/1471-2474/10/151
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covariance were performed to examine differences in
these outcome measures between LBP and No-LBP groups
while adjusting for BMI. Thickness and echogenicity for
the combined subcutaneous and perimuscular zone were
significantly greater in the LBP group compared with the
No-LBP group (ANCOVA, p < .05 and p < .01 respectively)
(Figure 3). These differences were primarily due to signif-
icantly greater thickness and echogenicity in tissues closer
to muscle (perimuscular zone) (ANCOVA, p < .01 and 0
< .001 respectively) but not tissues closer to skin (subcu-
taneous zone) (ANCOVA, p = .57 and p = .22 respectively)
(Figure 3).
Symptom characteristics of the LBP group are shown in
Table 2. There were no significant correlations between
ultrasound outcome measures and responses to Mc Gill
pain questionnaire, current pain intensity, exacerbation
intensity, exacerbation frequency, exacerbation duration,
percent initial injury and Oswestry disability scale. How-
ever, pain duration was weakly correlated with perimus-
Echogenicity and thickness measurements for combined, subcutaneous and perimuscular zones Figure 3
Echogenicity and thickness measurements for combined, subcutaneous and perimuscular zones. Open circles 
indicate No-LBP group and closed circles indicate LBP group; * p < 0.5, **p < .01, ***p < .001, ANCOVA adjusted for BMI (N 
= 107).BMC Musculoskeletal Disorders 2009, 10:151 http://www.biomedcentral.com/1471-2474/10/151
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cular zone thickness (r = 0.35, p = 0.01) and echogenicity
(r = 0.30, p = .03) among the LBP group. This relationship
persisted after controlling for the influence of BMI.
Discussion
Human subjects with LBP had, on average, 25% greater
perimuscular connective tissue thickness and ultrasound
echogenicity in the lumbar region than did subjects with-
out LBP after adjusting for BMI. There was no significant
correlation between ultrasound structure and age and no
significant differences between men and women.
Although we did find a positive correlation between con-
nective tissue structural measures and BMI, this relation-
ship did not explain the differences observed between LBP
and No-LBP groups. Moreover, activity levels were similar
in both groups suggesting that abnormal connective tissue
structure was not due a more sedentary lifestyle in the LBP
group.
We do not know, at this point, whether the observed
increase in connective tissue thickness and echogenicity
are part of the cause or the effect of low back pain. One
possibility is that abnormal connective tissue structure
(possibly genetically determined) predisposes to the
development of chronic or recurrent LBP. Connective tis-
sue also may have remodeled over time in responses to
repetitive stresses created by pre-existing altered move-
ment pattern secondary to repetitive motion, habitual
postures or sports, with or without tissue injury that pre-
dated the onset of LBP [37]. Once pain is present, connec-
tive tissue abnormalities may worsen as a result of altered
movement patterns due to pain or fear of pain [28]. This
would be consistent with the observed positive correla-
tion between connective tissue measurements and symp-
tom duration. In other types of connective tissues (e.g.,
ligament, joint capsules) the combination of inflamma-
tion and reduced mobility can lead to debilitating tissue
fibrosis, adhesions and contractures leading to further tis-
sue stiffness and movement impairment [38-45]. So far,
however, a similar pathophysiological process involving
non-articular connective tissues has not been studied in
relation to LBP.
The absence of association between our ultrasound meas-
urements and symptom severity could be due to the fact
that pain and disability levels were, on average, quite low
in our LBP population, which could have interfered with
our ability to detect a correlation. The subjects with low
back pain who volunteered for our study were generally
active people who managed to live busy lives despite the
presence of low back pain, and most of these subjects had
mild or moderate levels of pain. Many subjects with and
without low back pain practiced yoga or did stretching
exercises regularly. Additionally, a number of people with
more severe low back pain had to be excluded because of
a history of either prior back surgery or corticosteroid
injection. Therefore, given these factors, it is remarkable
that we found substantial differences in connective tissue
morphology between our groups despite the low level of
pain in the low back pain group. We might have seen even
greater differences between groups and a stronger associa-
tion with symptoms had our subjects with LBP been more
severely impaired and less physically active.
We have chosen not to use the terms "superficial fascia"
and "deep fascia" in describing our findings because of
frequent uncertainty in determining the anatomical
boundary between these two structures in both live imag-
ing and gross anatomical specimens. According to the tra-
ditional anatomical definition, the term "superficial
fascia" refers to an enveloping layer directly beneath the
Table 1: Subject characteristics for LBP and No-LBP groups
No-LBP
(N = 47)
LBP
(N = 60)
P value
Gender
Male/Female (%) 43%/57% 42%/58% 0.93
Age (years) 39.3 ± 14.1 38.3 ± 13.3 0.72
BMI (units) 25.9 ± 0.7 25.7 ± 0.6 0.81
Physical activity level (%)* 0.87
High 67% 62%
Moderate 26% 29%
Sedentary 8% 9%
Values represent Mean ± SD unless otherwise indicated.
*Activity levels based on subjects that completed the survey (No-LBP 
N = 38, LBP N = 52).
Table 2: Indices of symptom severity and disability in subjects 
with LBP
McGill pain questionnaire
(# of words circled) (N = 49)
8.8 ± 4.9
Duration of pain (years)
(N = 52)
10.0 ± 7.1
Current pain intensity (0-10 scale)
(N = 54)
3.2 ± 2.2
Exacerbation intensity (0-10 scale)
(N = 51)
6.1 ± 2.2
Exacerbation frequency (N = 52)
Yearly 12%
Monthly 29%
Weekly 30%
Daily 29%
Exacerbation duration (days)
(N = 51)
24.1 ± 86.1
Percent initial injury
(N = 52)
42%
Oswestry disability scale (N = 51)
Mild 67%
Moderate 21%
Severe 12%
Results expressed as Mean ± SD or percentage of subjects surveyed. 
N = number of subjects that completed each questionnaire.BMC Musculoskeletal Disorders 2009, 10:151 http://www.biomedcentral.com/1471-2474/10/151
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skin formed by a fine three-dimensional meshwork con-
taining loose areolar connective tissue and fat within its
meshes, while the term "deep fascia" refers to a continu-
ous layer of dense connective tissue that invests muscles
and tendons [46]. However, in many subjects we observed
multiple echo-rich layers (containing mainly dense con-
nective tissue) separated by echo-poor layers (containing
mainly fat) from dermis to muscle, with no clear distinc-
tion between superficial and deep fascia (Figure 4C). In
other subjects, only one thickened dense connective tissue
layer appeared to be present overlying the muscle (Figure
4B). It is thus not clear whether connective tissue mor-
phology such as that shown in Figure 4C is due to the
presence of multiple connective tissue layers within the
superficial fascia or due to fatty infiltration and disorgan-
ization of the perimuscular layer. We believe that the
greater average perimuscular connective tissue thickness
and echogenicity in the LBP group likely reflects a combi-
nation of increased thickness and increased numbers of
connective tissue layers in subjects with LBP.
Although this has not yet been studied, an important
function of loose connective tissue layers may be to allow
dense connective tissue sheets to glide past one another.
Increased thickness and disorganization of connective tis-
sue layers due to inflammation, fatty infiltration, fibrosis
and adhesions may impair the normal relative movement
of connective tissue planes, increase tissue stiffness,
decrease range of motion and predispose to further injury
[28]. Fatty infiltration and herniation through disorgan-
ized connective tissue layers may also cause pain due to
trapping of sensory nerve fibers through the collagen
matrix [17,21,22].
In this, study, we chose to recruit subjects with chronic
LBP of more than twelve months duration in order to
maximize our chance of detecting any connective tissue
abnormalities, since connective tissue remodeling and
fibrosis are relatively slow biological processes that cause
morphologically detectable changes over weeks to
months, rather than hours to days. We cannot at this
point generalize our conclusions to subjects who have
had low back pain for less than twelve months. A future
longitudinal study evaluating connective tissue in subjects
presenting with their first episode of low back and follow-
ing these subjects over time may shed some light on this
issue.
Conclusion
This study is the first report of abnormal connective tissue
structure in the back in a group of human subjects with
chronic or recurrent LBP. Increased thickness and disor-
ganization of connective tissue layers may be an impor-
tant and so far neglected factor in human LBP
pathophysiology.
Competing interests
Helene M. Langevin is a partner of Stromatec, Inc. The fol-
lowing measures were taken to reduce the possibility, or
the appearance of any possible conflict of interest: 1) a
research assistant with no financial interests in the com-
pany monitored all data entry and data integrity as well as
handled all regulatory documents; 2) a research engineer,
designed programs to automate data collection; 3) any
data collection that was not automated and could have a
subjective element was performed by blinded technicians
and 4) a biostatistician with no financial interests in the
company performed all statistical analyses.
Authors' contributions
HML conceived the study, participated in study design
and human subject testing and drafted the manuscript;
Examples of ultrasound images illustrating thin (A), thick (B) and multilayered (C) perimuscular connective tissue morphology Figure 4
Examples of ultrasound images illustrating thin (A), thick (B) and multilayered (C) perimuscular connective 
tissue morphology.BMC Musculoskeletal Disorders 2009, 10:151 http://www.biomedcentral.com/1471-2474/10/151
Page 8 of 9
(page number not for citation purposes)
DST conducted the human subject testing; JRF developed
and implemented the ultrasound analysis methods; GJB
performed statistical analyses; NAB participated in sub-
jects testing and manuscript preparation; MHK partici-
pated in study design; JW assisted in ultrasound data
analysis; SMH participated in study design. All authors
read and approved the final manuscript.
Acknowledgements
The authors thank Dr Mike Benjamin for helpful discussions, and Dr Robert 
Schleip for help with review of the early literature. This project was sup-
ported by Research Grant RO1 AT003479 from the National Center for 
Complementary and Alternative Medicine. Testing of human subjects was 
conducted at the University of Vermont General Clinical Research Center 
at Fletcher Allen Health Care supported by NIH Center for Research 
Resource Grant MO1 RR00109. The contents of this article are solely the 
responsibility of the authors and do not necessarily represent the official 
views of the National Center for Complementary and Alternative Medicine, 
National Institutes of Health.
References
1. Williams DA, Feuerstein M, Durbin D, Pezzullo J: Health care and
indemnity costs across the natural history of disability in
occupational low back pain.  Spine 1998, 23(21):2329-2336.
2. Hoogen HJ van den, Koes BW, van Eijk JT, Bouter LM, Deville W: On
the course of low back pain in general practice: a one year
follow up study.  Ann Rheum Dis 1998, 57(1):13-19.
3. De Luca CJ: Low back pain: a major problem with low priority.
J Rehabil Res Dev 1997, 34(4):vii-viii.
4. Van Nieuwenhuyse A, Fatkhutdinova L, Verbeke G, Pirenne D, Johan-
nik K, Somville PR, Mairiaux P, Moens GF, Masschelein R: Risk fac-
tors for first-ever low back pain among workers in their first
employment 10.1093/occmed/kqh091.  Occup Med (Lond) 2004,
54(8):513-519.
5. Deyo RA, Weinstein JN: Low back pain.  N Engl J Med 2001,
344(5):363-370.
6. Hurwitz EL, Morgenstern H, Yu F: Cross-sectional and longitudi-
nal associations of low-back pain and related disability with
psychological distress among patients enrolled in the UCLA
Low-Back Pain Study.  J Clin Epidemiol 2003, 56(5):463-471.
7. Dionne CE: Psychological distress confirmed as predictor of
long-term back-related functional limitations in primary
care settings.  J Clin Epidemiol 2005, 58(7):714-718.
8. Pincus T, Burton AK, Vogel S, Field AP: A systematic review of
psychological factors as predictors of chronicity/disability in
prospective cohorts of low back pain.  Spine 2002,
27(5):E109-120.
9. Swinkels-Meewisse IE, Roelofs J, Oostendorp RA, Verbeek AL,
Vlaeyen JW: Acute low back pain: pain-related fear and pain
catastrophizing influence physical performance and per-
ceived disability.  Pain 2005, 120(1-2):36-43.
10. Grotle M, Vollestad NK, Veierod MB, Brox JI: Fear-avoidance
beliefs and distress in relation to disability in acute and
chronic low back pain.  Pain 2004, 112(3):343-352.
11. van Dieen JH, Selen LP, Cholewicki J: Trunk muscle activation in
low-back pain patients, an analysis of the literature.  J Electro-
myogr Kinesiol 2003, 13(4):333-351.
12. Moseley GL, Nicholas MK, Hodges PW: Does anticipation of back
pain predispose to back trouble?  Brain 2004, 127(Pt
10):2339-2347.
13. Grimstone SK, Hodges PW: Impaired postural compensation
for respiration in people with recurrent low back pain.  Exp
Brain Res 2003, 151(2):218-224.
14. Mok NW, Brauer SG, Hodges PW: Hip strategy for balance con-
trol in quiet standing is reduced in people with low back pain.
Spine 2004, 29(6):E107-112.
15. Giesecke T, Gracely RH, Grant MA, Nachemson A, Petzke F, Wil-
liams DA, Clauw DJ: Evidence of augmented central pain
processing in idiopathic chronic low back pain.  Arthritis Rheum
2004, 50(2):613-623.
16. Stokes IA, Fox JR, Henry SM: Trunk muscular activation pat-
terns and responses to transient force perturbation in per-
sons with self-reported low back pain.  Eur Spine J 2006,
15(5):658-667.
17. Dittrich RJ: Soft tissue lesions as cause of low back pain; ana-
tomic study.  Am J Surg 1956, 91(1):80-85.
18. Bonner CD, Kasdon SC: Herniation of fat through lumbodorsal
fascia as a cause of low-back pain.  N Engl J Med 1954,
251(27):1102-1104.
19. Herz R: Herniation of fascial fat as a cause of low back pain:
With relief by surgery in six cases.  JAMA 1945,
128(13):921-925.
20. Dittrich RJ: Lumbodorsal Fascia and Related Structures as
Factors in Disability.  The Journal-lancet 1963, 83:393-398.
21. Faille RJ: Low back pain and lumbar fat herniation.  Am Surg
1978, 44(6):359-361.
22. Dittrich RJ: The role of soft tissue lesions in low back pain.  The
British journal of physical medicine, including its application to industry
1957, 20(10):233-238.
23. Copeman WS, Ackerman WL: Edema or herniations of fat lob-
ules as a cause of lumbar and gluteal fibrositis.  Arch Int Med
1947, 79:22-35.
24. Copeman WS, Ackerman WL: Fibrositis of the back.  Quart J Med
1944, 13:37-52.
25. Hucherson DC, Gandy JR: Herniation of fascial fat: A cause of
low back pain.  Am J Surg 1948, 76:605-609.
26. Hench PK: Secondary fibrositis.  Am J Med 1986, 81(3A):60-62.
27. Bednar DA, Orr FW, Simon GT: Observations on the pathomor-
phology of the thoracolumbar fascia in chronic mechanical
back pain. A microscopic study.  Spine 1995, 20(10):1161-1164.
28. Langevin HM, Sherman KJ: Pathophysiological model for chronic
low back pain integrating connective tissue and nervous sys-
tem mechanisms.  Med Hypotheses 2007, 68(1):74-80.
29. Schleip R, Vleeming A, Lehmann-Horn F, Klingler W: Letter to the
Editor concerning "A hypothesis of chronic back pain: liga-
ment subfailure injuries lead to muscle control dysfunction"
(M. Panjabi).  Eur Spine J 2007, 16(10):1733-1735. author reply
1736.
30. Hammer WI, Pfefer MT: Treatment of a case of subacute lum-
bar compartment syndrome using the Graston technique.  J
Manipulative Physiol Ther 2005, 28(3):199-204.
31. Vleeming A, Pool-Goudzwaard AL, Stoeckart R, van Wingerden JP,
Snijders CJ: The posterior layer of the thoracolumbar fascia.
Its function in load transfer from spine to legs.  Spine 1995,
20(7):753-758.
32. Langevin HM, Konofagou EE, Badger GJ, Churchill DL, Fox JR, Ophir
J, Garra BS: Tissue displacements during acupuncture using
ultrasound elastography techniques.  Ultrasound Med Biol 2004,
30(9):1173-1183.
33. Von Korff M, Ormel J, Keefe FJ, Dworkin SF: Grading the severity
of chronic pain.  Pain 1992, 50(2):133-149.
34. Von Korff M: Studying the natural history of back pain.  Spine
1994, 19(18 Suppl):2041S-2046S.
35. Melzack R: The short-form McGill Pain Questionnaire.  Pain
1987, 30(2):191-197.
36. Fairbank JC, Couper J, Davies JB, O'Brien JP: The Oswestry low
back pain disability questionnaire.  Physiotherapy 1980,
66(8):271-273.
37. Sahrmann S: Diagnosis and treatment of movement impair-
ment syndromes.  St. Louis: Mosby; 2002. 
38. Lindenhovius AL, Jupiter JB: The posttraumatic stiff elbow: a
review of the literature.  J Hand Surg [Am] 2007,
32(10):1605-1623.
39. Magit D, Wolff A, Sutton K, Medvecky MJ: Arthrofibrosis of the
knee.  J Am Acad Orthop Surg 2007, 15(11):682-694.
40. Lee SK, Gargano F, Hausman MR: Wrist arthrofibrosis.  Hand Clin
2006, 22(4):529-538. abstract vii.
41. Tillman LJ, Cummings GS: Biologic mechanisms of connective
tissue mutability.  In Dynamics of human biologic tissues Contemporary
perspectives in rehabilitation Edited by: Currier DP, Nelson RM. Phila-
delphia: F.A. Davis; 1992. 
42. Cummings GS, Tillman LJ: Remodeling of dense connective tis-
sue in normal adult tissues.  In Dynamics of human biologic tissues
Contemporary perspectives in rehabilitation Edited by: Currier DP, Nel-
son RM. Philadelphia: F.A. Davis; 1992. Publish with BioMed Central    and   every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published  immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
BMC Musculoskeletal Disorders 2009, 10:151 http://www.biomedcentral.com/1471-2474/10/151
Page 9 of 9
(page number not for citation purposes)
43. Videman T: Connective tissue and immobilization. Key factors
in musculoskeletal degeneration?  Clin Orthop Relat Res
1987:26-32.
44. Williams PE, Catanese T, Lucey EG, Goldspink G: The importance
of stretch and contractile activity in the prevention of con-
nective tissue accumulation in muscle.  J Anat 1988,
158:109-114.
45. Akeson WH, Amiel D, Woo SL: Immobility effects on synovial
joints the pathomechanics of joint contracture.  Biorheology
1980, 17(1-2):95-110.
46. Benjamin M: The fascia of the limbs and back--a review.  J Anat
2009, 214(1):1-18.
Pre-publication history
The pre-publication history for this paper can be accessed
here:
http://www.biomedcentral.com/1471-2474/10/151/pre
pub